In this study, we have evaluated the imaging features of Warthin's tumor of the parotid gland with the use of CT and MR imaging. Materials and Methods: CT (n = 30) and MR (n = 7) images of 26 patients (M:F=23:3; age range, 38-76 years; mean age, 58 years) with surgically-proven Warthin's tumor (n = 37) were reviewed with a focus on bilaterality, multiplicity, location, size, demarcation, margin, enhancement pattern and MR signal intensity. Results: Lesions were bilateral in seven patients (27%), multiple in nine patients (35%) and unilateral multiple in four patients (15%). Tumors were located in the superficial lobe (65%), deep lobe (24%) and both lobes (11%) of the parotid gland. Most tumors had a clear (95%) and smooth margin (95%) with a round or oval shape. Tumors mainly showed a solid and cystic composition (n = 24, 65%) and all solid stroma showed poor or weak enhancement on both CT and MR images. Papillary projections from the peripheral wall were clearly seen (n = 6, 86%). Conclusion: Warthin's tumor is frequently seen in the parotid superficial lobe of older males with a higher bilateral and multiple tendency. Warthin's tumor shows cystic portions with papillary projections at the wall on CT images and focal high signal intensity (SI) on T1-weighted images with dense nodular enhancement on MR images.
Warthin's tumor (adenolymphoma or papillary cystadenoma lymphomatosum) is the second most common benign tumor of the parotid gland, representing approximately 2% to 10% of all parotid tumors (1) (2) (3) (6) (7) (8) . The lesion is almost exclusively limited to the parotid gland and frequently has bilateral and multifocal unilateral involvement. Warthin's tumor is also known to have a greater tendency to undergo gross cystic change (4) (5) 9) . However, the imaging features of Warthin's tumor have not been well documented in a large series. In this study, we have evaluated the imaging features of Warthin's tumor of the parotid gland with the use of CT and MR imaging.
Materials and Methods
In this study, CT and MR images of surgically proven 37 Warthin's tumors in 26 patients were included. We evaluated CT images of 30 Warthin's tumors in 22 patients and MR images of seven Warthin's tumors in four patients. The patient age ranged from 38 to 76 years (mean age, 58 years) and there was a striking male predominance (M: F=23:3). We evaluated the imaging features with attention focused on bilaterality, multiplicity, location, size, demarcation and shape of the tumor margin, tumor composition, presence of papillary projections from the wall, signal intensity of the tumor on MR images and enhancement features. Tumor composition was classified into three types: an entirely cystic mass with a peripheral solid enhancing rim (type 1), a solid and cystic mass (type 2), a solid mass with a large cystic portion (type 2A), a mainly solid mass with small cysts (type 2B) and an entirely solid enhancing mass (type 3) (Fig. 2) . We evaluated enhancement features of both solid stroma and cystic portions of tumors. The study was approved by our institutional review board. All patients gave written informed consent.
Results
Lesions were bilateral in seven patients (27%), multiple in nine patients (35%) and unilateral multiple in four patients (15%) (Fig. 1 ). Tumors were located in the superficial lobe (65%), deep lobe (24%) and both lobes (11%) of the parotid gland (Figs. 1-4 ). Tumors ranged in size from 1.0 cm to 6.0 cm (mean, 2.8 cm). Most tumors had a clear (95%) and smooth margin (95%) with a round or oval shape. As seen on post-contrast images, tumors showed mainly a solid and cystic composition (type 2, n = 24, 65%) (Fig. 1B, C) or were seen as entirely cystic lesions (type 1, n = 7, 19%) ( Figs. 2A, 3A) and as entirely solid lesions (type 3, n = 6, 16%) (Fig. 1D) . Of the tumors 84% showed cystic portions. Tumors showed a tendency for more frequent cystic change according to an increased size (62% of tumors less than 2 cm in diameter and 96% of tumors greater than 2 cm in diameter) ( Table 1) . Of the lesions, 83% of the tumors with no visible cystic portions were smaller than 2 cm in diameter. Papillary projections from the peripheral wall were clearly seen in most type 1 tumors (n = 6, 86%) ( Fig. 2 ) but were not seen for type 2 and type 3 tumors. All solid stroma of tumors showed poor or weak enhancement on both CT and MR images ( Fig. 1 ). On delayed coronal CT images (n = 12), the cystic portion showed slightly decreased (50%) or increased (42%) attenuation as compared with the attenuation on early axial images. All solid stroma of tumors showed low or intermediate signal intensity (SI), but were slightly hyperintense as compared to muscle on T1-weighted images (T1WI) and showed intermediate or slightly heterogeneous SI on T2-weighted images (T2WI) and showed weak solid enhancement. All lesions were comprised of cystic portions with focal hyperintense or slightly hyperintense SI portions on T1WI and these portions showed variable SI on T2WI-high SI for four lesions, low or intermediate SI for three lesions and paradoxically decreased SI after gadolinium enhancement (Figs. 3 and 4) . On post-contrast MR images, there was focal nodular solid enhancement seen for the peripheral wall of the tumor for six lesions (86%); four lesions showed definite enhancement and two lesions showed faint enhancement (Fig. 4) .
Discussion
The most likely pathogenesis of Warthin's tumor is adenomatous epithelial proliferation from embryologic entrapment of heterotopic salivary gland ductal epithelial tissue within intraparotid and periparotid lymph 
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nodes (1-2, 6-7). Microscopically, these tumors have a double layer of oncocytes that line the papillary projections, which characteristically extend into the cystic spaces (3, 8) . These oncocytes have a large number of mitochondria, and these cells most often accumulate technetium-99m pertechnetate as seen on radionuclide scans. The unknown stimulus that leads to the development of this tumor can apparently act on any such epithelial nodal inclusions, and thus there is the possibility for the development of multiple tumors. Although this tumor has known to be bilateral in 10% and multiple in 15% of cases, careful microscopic examinations of pathology specimens have suggested that multifocality is present in almost 30% of specimens (4, 9) . Our series showed a higher incidence of bilaterality and multiplicity as compared to previous reports, that is, bilaterality in 27% of cases and multiplicity in 35% of cases. This difference is probably due to the higher resolution of recent imaging modalities. Grossly, the tumor is seen as ovoid, thin encapsulated and either cystic or semisolid (4, 9) . Most tumors show a benign-looking appearance in the superficial lobe of the parotid gland, with the tumors clear and smooth marginated. In our series, most tumors appeared solid and had cystic heterogeneous contents in approximately two-thirds of the lesions. The tumors were seen as an entirely cystic mass with a peripheral solid stromal rim for approximately one-fifth of the lesions and as an entirely solid mass for approximately one-sixth of the lesions. These tumors showed cystic portions more frequently according to an increased size. Cystic portions were seen in 62% of tumors less than 2 cm in diameter and were seen in 96% of tumors greater than 2 cm in diameter. For tumors less than 2 cm in diameter, almost 40% of the tumors appeared as an entirely solid mass with no detectable cystic portions. Most tumors (84%) showed some discernible cystic portions in our series. Most type 1 tumors showed small multiple papillary projections at the peripheral wall, which correspond to epithelial and lymphoid stroma, and the projections seem to be a feature of Warthin's tumor on CT images rather than for a cystic pleomorphic adenoma. All solid stroma showed poor or weak enhancement on both CT and MR images. It was interesting that the cystic contents of tumors showed slightly increased or decreased attenuation on delayed coronal CT images or decreased SI on MR images according to the scan time after contrast enhancement. This effect seemed due to the diffusion of contrast material from the wall to the cystic spaces (4, (10) (11) .
On MR images, tumor demarcation and contents were more clearly seen. Intermediate SI of the stroma seen on both T1WI and T2WI was attributed to the presence of high cellular epithelial components, while high or heterogeneous SI of the stroma seen on T2WI was due to the presence of mixed epithelial tissue with lymphoid proliferation and cyst formation as identified on pathological examinations (4) . Focal hyperintense areas seen on T1WI correspond to semisolid cysts that contain proteinaceous fluids with cholesterol crystals (5). In the differential diagnosis of parotid lesions with high SI seen on T1WI, hemorrhage in a tumor such as a pleomorphic adenoma, hemangioma, malignant tumor and high proteinaceous contents such as an abscess should be considered, but other combined features such as the shape of the cyst with MR SI can be useful for the differentiation. For the differentiation of a mass with low SI as seen on T2WI, a high cellular malignant tumor, hemorrhage, fibrosis and high proteinaceous contents should be included (5-10). Dense nodular enhancement at the peripheral stroma, as seen in most MR cases (6/7), seems to be attributed to the presence of mitochondriarich oncocytes, as seen for a technetium-99m scan (11) and this finding can be a another clue for the presence of Warthin's tumor on MR images.
In summary, Warthin's tumor is frequently seen in the parotid superficial lobe of older male patients with higher bilateral and multiple tendency. On CT images, the tumor appears as a benign-looking smooth, wellmarginated, mostly solid and cystic mass (in two-thirds of cases) or as an entirely cystic mass with peripheral papillary projections (in one-fifth of cases) and as an entirely solid mass with a size of less than 2 cm in diameter. On MR images, most solid stromal components show intermediate SI with focal nodular enhancement, and semisolid cystic contents show high SI on T1WI.
In conclusion, Warthin's tumor shows cystic portions with papillary projections at the wall on CT images and focal high SI is seen on TIWI with dense nodular enhancement on MR images.
